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(54) An integrated extracorporeal circulation system 


(57) An integrated esctracorporeal circulation system 
induding a plurality of devices cfwsen from a group 
including a candiotome (2). a haemoconcentrator (3), a 
venous reserve (4), a heat exchanger (5), an oxygenator 


(6) and a pump (7. 8) integrated in an integrated assem- 
bly with f tow lines (124. 134. 147. 175, 156) for the trans- 
fer of f hikis k>etween the various devices (2 to 8). 
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Descripti n 

The present invention relates to extracorporeal cir- 
culation systenns Intended, for example, to take over the 
functions of the lungs and the circulation system during s 
heart surgery requiring a heart-lung by-pass. 
In the prior art, systems of the type specified above may 
essentially be described as individual-part systems, that 
is systems constituted by a plurality of devices (oxygen- 
ator, heat exchanger, pump, haemoconcentrator, etc. ) io 
which were conceived as separate pieces of equipment 
intended to be connected to each other later, often in the 
operating theatre, so as to make up an extracorporeal 
circulation system. 

Some manufacturers have attempted to design sub- is 
assemblies formed, for example, by pieces of equipment 
mechanically connected to each other so as to form a 
single unit 

A typical example is a module which includes an oxy- 
genator and a heat exchanger, such as, for example, the so 
product sold under the trade name Monolyth lay Beltco 
S.p.A of Mirandola, Italy. 

However, these arrangements do not fully solve the 
inherent disadvantages of prior art systems. 

These disadvantages include physiological prob- 2s 
lems. involving possible consequences for the patent 
undergoing extracorporeal circulation, especially if this 
is for a fong period. These problems are largely due to 
the fact that in conventional extracorporeal circulation 
systems the various components, and above all the 3o 
tubes used to connect them, have large areas in contact 
with theblood. The fact that there are large blood-system 
contact surfaces (surfaces which are foreign to the 
patient's body) may give rise to phenomena involving 
activatfon and/or alteratfon of the blood and of phystolog- 35 
ical liquids in general and having immunological and/or 
other consequences which could affect post-operative 
recovery, in general, the rather large overall volume of 
the tubes connecting the individual units means that on 
activating the system it is necessary to fill it with a oorre- 4o 
spending volume of physiological solution, tiiereby neg- 
atively affecting the haemodilution. 

In addition to the aforementioned physiological prob- 
lems, there are logistical problems caused by the fact 
that the extracorporeal circulation system must, in effect. 45 
b assembled by the users, often in the operating thea- 
tre This latter most often ends up duttered (also) with 
the various elements of the extracorporeal circulation 
system arxJ the connecting tubes thereof, often arranged 
in a lay-out which is anything but efficient In addition, so 
thtis last minute assembly, immediately prior to use. espe- 
cially in the operating theatre, means that technicians 
end up resorting to operating arrangements, such as for 
example regulating the flow through some tubes by 
means of manually-controlled flow-restrictor devices or ss 
even surgical Instruments which, while proving satisfac- 
tory certainly fail to satisfy the requirement for precise 
control and adjustment of a process (or rather a series 
of processes) such as a system for extracorporeal drcu- 


lation. This applies especially when such regulation is 
interxjed to be controlled automatically or at least under 
the supervision of an automatic control unit. 

The above applies equally to so-called "custom- 
pack" systems which the producers of extracorporeal cir- 
culation systems envisage producing, to satisfy specific 
requirements or to suit tiie surgical procedures of partic- 
ular users or particular groups of users. 

The object of the present invention is to provide a 
system which radically solves the aforesaid problems, 
especially in so far as tiie following aspects are con- 
cerned: 

i) the possibility of producing a totally integrated 
extracorporeal circulation system which would min- 
imise the effects of blood dilution while rationalising 
the operating lay-out and standardising the compo- 
nents of the systems; 

iO the possibility of producing an extracorporeal cir- 
culation system which proves totally non-traumatic, 
especially as far as tiie phenomena of haemolysis 
and platelet aggregation are concerned; 
Si) the possibility of creating a system which is totally 
haemo-compatiWe with regard to tiie surfaces 
intended to come into contact witii tiie t>lood. these 
surfaces being reduced to a minimum together wHh 
the consequent risk of introdudng pollutants to tiie 
blood, and with regard to phenomena involving acti- 
vation and/or alteration of the blood (such as, for 
eocample. activation of the coagulation process); and 
iv) ttie possibility of producing a system which is 
automatically controlled and controllable so fliat it 
can adapt precisely and in real time to physiologtoal 
functions in total safety, with tiie possibility of adopt- 
ing an overall feedback control and adjustment 
arrangement dependent on sensors associated witii 
the various components of the system. 

According to the present Invention this object is 
achieved by providing an extracorporeal circulation sys- 
tem having the characteristics specifically claimed here- 
inafter In the Claims. 

The invention wilt now be described, purely by way 
of non-limitative example, witii reference to the 
appended drawing which schematically illustrates the 
structure of an extracorporeal circulation system accord- 
ing to the invention. 

The system according to the invention, generally 
indicated 1. is characterised essentially in that it is an 
integrated system, constituted by a series of devices. 
indk»ted progressively from 2 to 8, coupled in a modular 
anangement so as to form a single functional block with 
the tubes for conveying the treated fluids t>etween the 
component devices 2 to 8 integrated inside it along witii 
respective sensors 14. 15. 16. 17 and actuators (con- 
trols) 22, 23, 24, 25, 26, 28 connected to an overall sys- 
tem control unit indicated U and constituted, for example, 
by an electronic control unit such as a personal computer 
for example. 
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Overall then, the system 1 of the invention is consti- 
tuted by an integrated system intended to be connected 
with the outside environment (patient P, fluids acting as 
servomeans such as water or air-and-oxygen. discharge 
lines, collection and infusion lines) through respective 5 
connections but with the transfer of the various treated 
fluids taking place inside the system 1 without the need 
for the users to arrange additional tubes, connections etc 
(especially in the operating theatre). 

For the sake of darity. it shouM be specified that the 10 
reference to ducts and fk)w lines extending "inside" the 
system should not t>e interpreted in the strictest sense 
whereby these ducts or lines are physically incorporated 
within the functional block constituting the system. Nat- 
urally, one or more of these ducts or lines may extend, 15 
at least in part outside the system: what counts, for the 
purposes of the inventk>n. is that the overall system be 
seen as a single, independent entity, generally supplied 
to the user ready for use and requiring no special oper- 
ations beyond connection with the external environment 20 
(patient servomeans, discharge, collection and infusk^n 
lines) as described above. 

More accurately, the system 1 of the invention is 
intended to be connected to the patienf s body by means 
of a venous blood collection line V and an arterial bkxxi 25 
return line A. An arterial filter FA is normally interposed 
along the return line A while a further collection Une VI 
mc^ be provKled to act as cardkrtome (drain), that is to 
vacuum blood from the surgical area. 

As far as the connection to sources of the fluids act- so 
ing as servomeans is concerned, this usually involves 
connection to a water supply line W, an alr-and-oxygen 
siqaply line O and a vacuum line D (vacuum pump or the 
like). 

The discharge lines generally include at least one 3S 
uitraf iftrate discharge line UF (possibly with the capacity 
to regenerate this uitraf Otrate, using known methods). 

Rnally, oonnectkm is provided for collection and 
infusion lines PI. 

One of the main advantages of the modular structure 40 
arises from the f^ct that the system of the invention lends 
Itself to being easily assembled in various configurations. 
staiUng-from a*basiC'Conf iguration which includes- some 
essential elements {for example the oxygenator, the heat 
exchanger and the pump, with their respective control 4S 
units) with the possible addition of auxiliary elements 
such as a venous reserve tanK haemoconcentrator. car- 
diotome etc. 

In the configuration illustrated (purely by way of non-lim- 
itative example) in the drawing, the system of the inven- so 
Hon includes the following devices, integrated in a single 
unit: 

a cardiotome 2 connected to the vacuum line D so 
as to be able to suck blood from the area of surgery ss 
through the line VI; 
- a haemoconcentrator 3, wNch will be descrft)ed in 
greater detail hereinafter; 


a reserve tank (venous Wood reserve) 4 which col- 
lects the blood coming from the patient's circulation 
system through the line V as well as any blood 
removed by tiie cardiotome 2 or from the haemocon- 
centrator 3 through respective lines 124 and 134 
integrated into the system, with the possibility of 
external ecchange with withcft^awal and infusion liq- 
uids via the lines PI. 
- a heat exchanger 5 and a gas exchange module 
(oxygenator) 6 for the arterialization of blood taken 
from the venous reserve 4; the heat exchanger 5 is 
fbjkl-dynamtcally interposed between the venous 
reserve 4 and the oxygenator 6 so as to regulate the 
temperature of t}lood being oxygenated; and 
a pump chamber 7 (typically of the single-use or dis- 
posable type) with an associated actuator device 
(motor) 8 separably coupled to the pump 7 so as to 
allow the pump 7 to be replaced without necessarily 
having to replace the motor 8. 

To be precise, the blood flows from the venous 
reserve 4 to the oxygenator 6 by means of a first line 1 47 
though which Wood from the venous reserve 4 (including 
that from tiie cardiotome 2 and tfie haemoconcentrator 
3) passes tinrough tiie pump 7 to be sent through a line 
1 75 to the heat exchanger 5; from here the blood passes 
through a line 156 to the oxygenator 6. finally to be 
returned to the body of the patient P through the line A 
in which tiie arterial filter FA is located. 

The lines 1 47, 1 75 and 1 56 are incorporated into the 
system like the lines 124 and 134. It may be seen from 
the diagram shown in the drawing that heat is exchanged 
in the exchanger 5 by means of water (tiiermostatically 
controlled - by known means, illustrated in the drawing - 
so as to keep tiie blood at the desired temperature) whk:h 
is SL|3pGed through the line W. while ttie blood Is oxygen- 
ated in the oxygenator 6 here again in known manner) 
using oxygen supplied through tiie line O. 
The arterial blood which flows out from the system 1 
through the line A may be partially drawn off through a 
line A1 to be sent to the Input of the haenfX)concentrator 
3 where ultrafiltration is carried out TTie ultrafiltrate is 
expelled from the system tfirough the line UF while - as 
seen eariier - the blood purified by haemoconcentration 
f kiws through the line 1 34 to the venous reserve 4. 

It must be emphasized once again that the various 
treatments described above are carried out according to 
principles well known to those skilled in tiie art. so their 
detailed description here would be entirely superfluous. 

Ihe varkxjs sensors 14 to 1 7 and actuators 22 to 28 
integrated into the system enable the detection of param- 
eters enabling the system to be controlled automaticaDy 
through the control unit U. As a general rule« flie following 
sensors are provided: 

a sensor, or preferably an an-angement of sensors 
14 for measuring the blood level in tiie venous 
reserve and the haemochemical parameters of the 
venous blood. 
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- a temperature sensor 15 associated with the heat 
exchanger 5 (usually on the water side). 

a sensor 16 associated with the oxygenator 6 for 
measuring the oxygenation level and the removal of 
cartx>n dioxide, and 5 

- a flow rate sensor 17 associated with the pump 7. 

By means of lines generally indicated L. these sen- 
sors provide the control unit U with signals which when 
processed, according to known crrteria which do not io 
require a description here, enable the control unit U to 
emit, over a network of lines generally indicated K. cor- 
responding signals controlling the actuators 22 to 28 
which regulate (control) the quantities which determine 
the gaseous exchanges of heat and mass in the system, is 

It is possiljle, for example, to envisage the use of the 
following actuators: 

- an actuator 22 for controlling the suction power of 
the cardlotome 2. 20 

- an actuator 23 for regulating the rate at which ultra- 
filtration takes place in the haemoconcentrator 3, 

- an actuator24fbr regulatingtheffowof venousblood 
from the patient to the venous reserve 4, 

- an actuator 25 for controlling the f tow rate of water 25 
(acting as diathermic liquid) in the heat exchanger 5'. 

- an actuator 26 for regulating the flow and conposi- 
tion of the gasf lowing through the oxygenator 6, and 

- an actuator 28 which controls the speed of the motor 

8 assodated with the pump 7. 30 

It will be appredated that, in the drawing, the con- 
nectfons between the various functfonal units have been 
indicated schematically by different lines. In particular, 
thick solid lines have been used for the rrain Wood 35 
routes, broken lines for auxiliary Wood routes, medium 
solid lines for auxiliary fluki connections and fine solkl 
lines for the connections of sensors and actuators. 

To summarise: the main characteristics of the sys- 
tem as described are the following. 40 

Except for the control unit U, some sensors, the actu- 
ator lines and the pump control unit (motor), the system 
is suited to being constituted by single-use modules 
which can be replaced for each treatment 

The system of the invention enaWes the number of 
connections between the various components forming 
the system to be drastically reduced, thanks to the inte- 
gration of these conponents, thus enaWing the overall 
volume to be reduced, meaning that the patient's Wood 
is less diluted. 

It Is possible to configure the system according to 
the user's specifications during its manufacture, thus 
making it possiWe to verify and guarantee the overall effi- 
ciency This does not occur today for the majority of extra- 
corporeal circulation systems currently in use, the 55 
components of which are separate, may have come from 
different suppliers and may be functionally and opera- 
tionally inconpatiWe. 


It is possible to monitor/control the fundamental 
parameters of the extracorporeal circulation with the use 
of predetennined optimised algorithms, implemented by 
the control unit U. 

The extreme compactness of the system fully ration- 
alises the lay-out in the operating theatre. 

Rnally. it is possible to tailor final assemWy opera- 
tions according to the specific requirements of the user 
thanks to the use of conponents/devices which are spe- 
cially designed to be integrated with each other. 

In particular, as shown schematically in the drawing, 
the various components 2 to 8are advantageously made 
such that their respective casings are mechanically con- 
nectable. as shown In the drawing where each of the ele- 
ments of the system (except for the cardiotome 2) has a 
tenon element provided to mechanically engage a cor- 
responding cavity in an element coupled to it Naturally, 
this Illustration is only schematic, taking into account the 
fact that in reality the shape and dimensions of the vari- 
ous elements 2 to 8 are usually rather different from each 
other. The general characteristic of mechanical con- 
nectabiiity remains valkl. as does the ordered connection 
sequence in which the various parts, indicated in the 
drawing by progressive reference numbers 2 to 8. are 
oonnected to each other. While not essential, this 
ordered sequence must be consklered preferential from 
the point of view of the overall functioning of the system, 
especially when considering the possibility of configuring 
the system as a basic assemWy including the essential 
modules (venous resen^e, oxygenator, heat exchanger 
and punp) with the other devices (caidfotome, haemo- 
concentrator) provkjed as auxiliary modules, arranged 
selectively according to the requirements of the user. In 
particular, it must be made clear that in addition to the 
configuration illustrated, the system of tiie invention may 
have furtiier elements integrated into it (for exanple ele- 
ments for the infuskvi or controlled release of drugs and 
tiie like). 

Naturally, the principle of tiie Invention remaining 
unchanged, manufacturing details and embodiments 
may vary widely from those descrbed and Illustrated 
without departing thereby from the scope of tiie present 
invention. 


45 Qaims 


1. An extracorporeal drculation system characterised 
in that it comprises an integrated assemWy having 
a plurality of devices chosen from a group compris- 
ing: 


so 


a cardiotome (2). 
a haemoconcentrator (3), 
a venous reserve (4). 
a heat exchanger {Si, 
an oxygenator (6), and 
a punp (7, 8). 
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A system according to Clam 1 . characterised in that 
the flow lines (124, 134. 147, 175, 156) for the trans- 
fer of fluids between the said devices (2 to 8) are 
also integrated into the said assembly. 

A system according to Claim 1 or Claim 2. charac- 
terised In that the devices forming the said assembly 
have casings shaped so that they can be mechani- 
cally connected so as to form the said integrated 
assembly. 


A system according to Claim 1 , characterised in that 
the said assembly includes a plurality of the said 
devices an^anged in the sequence given in Qaim 1. 
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A system according to any of Claims from 1 to 3. 
characterised in that the said devices have associ- 
ated sensors (15, 16, 17) and^or actuators (22. 23, 
24, 25, 26. 28) and in that a control unit (U) is asso- is 
dated with the system and connected to the said 
sensors and/or the said actuators in order to control 
the operation of the system (1) automatically. 

A system according to any preceding Claim, char- 20 
acterised in that one of the devices of the said 
assembly is a pump (7,8) including a single-use 
pumping module {7) connected with a motor (8) 
which can be associated with different systems In 
succession. 
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